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TOM TAT

Trong bai bao nay ching t6i gidi thiéu Chisel, la ngoén ngit xay dung phan ctéing
duoc nhung trong ngdn ngtt 1ap trinh bac cao Scala. Ngon ngtr nay hudng dén ca
hai nhém 1ap trinh: ky su thiét ké phan cting va lap trinh vién phan mém. Cac ky
su thiét ké phan cting tién hanh xay dung cac hé théng dién tir s§ bang cac ngdn
nglt mo ta phan cing (HDL nhu: VHDL, Verilog). Nhitng nguoi khac can stt dung
cac ngbn ngtt 14p trinh d€ tao ra phan cing. Chisel mang lai sy dot pha trong ky
thuét lap trinh, nhu véi cac ngén ngt ham va hudng déi twgng d€ hinh thanh nén
cong cu thiét k& s6. Chisel khong chi cho phép trich xudt md ta phan cing muic
thanh ghi ma con cho phép ching ta viét doan ma tao tao ra phan cing [3]. NOi
dung chinh ctia bai bdo 1a trinh bay tong quan cac thanh phan cua Chisel va dinh

hudng st dung cong cu nay trong chu trinh nghién ctru thiét ké phan cing.

Tw khéa: Ngon ngtr thiét ké phan ciing, Chisel, thiét ké vi mach, cong cu hd tro
thiét ké.

1. MO PAU

Linh vuc thiét k& phan cting cho cac hé thong dién tir la xu hudng phat trién rat
dang dugc quan tam, nhat 1a véi cac d6i twong sinh vién chuyén nganh Dién ti - Vién
théng. Hon nita, khi thé gi¢i dang bi anh hwong ctia dich bénh va dit gay chudi cung
tng thi sy thi€éu hut vi mach da va dang anh huéng 16n dén rat nhiéu nganh nghé san
xuat khac, nhu: san xuat xe 6to, cac thiét bi dién ti nghe nhin,... Hoat ddng nghién ctru
thiét ké vi mach lai ludn can cac cong cu hd tro xuyén su6t qua trinh lam viéc, nhung
lai kho tiép can vi gia thanh cua nhing cong cu nay rat cao.

Chisel dugc phét trién tit ngon ngit nhiing Scala hd tro t8i wu cho ngurdi dung
trong hau hét cac cong doan nghién ciu thiét ké tir viéc mo ta thiét ké bang ma ngudn
dén kha nang trién khai md phong danh gia [1][4]. Chisel cung cdp phan 16n cac thanh

phan co ban phd bién bén trong cac hé thong s6, nhu: dwong dan (wire), thanh ghi
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(Reg), ghép kénh (Mux). Cac khdi co ban nay duoc hod tro & dang bién hodc ham da
duoc tdi vu, nguoi dung chi can khai bdo dung dinh dang phu hop véi muc tiéu sw
dung. Ngoai ra, Chisel tich hop kha nang viét kinh ban danh gia song song véi qua
trinh mo6 ta mach dién chirc nang. Cong cu tich hop ham tao lap cling nhu trich xuat tin
hiéu tir khéi thiét ké mot cach linh hoat. Chisel con cho phép nguoi dung st dung kich
ban danh gia dé tai ra tap tin “*.ved” c6 thé quan sat dwgc dang séng cta tat ca cac tin
hiéu thanh phan bén trong thiét k& bang phan mém “Gtkwave” [5].

Trong bai bao nay tap trung gidi thiéu cac van dé co ban dé€ nguoi dung tiép
can nhanh cong cu thiét k&€ maoi 1la Chisel theo cach truc quan nhéat, dong thoi ciing
trinh bay bao quat cac thanh phén can c6 dé thiét ké cac hé thong sd pho bién hién nay.
Cac thanh phan co ban cau thanh nén Chisel trong hoat dong thiét ké hé thong so sé
duoc trinh bay trong phan 2. Phéan 3 tip trung trinh bay cac van dé lién quan dén hoat
dong kiém tra danh gia ma Chisel cung cap cho nguoi st dung. Phéan 4 la két luan cac
noi dung da trinh bay trong bai bao nay.

2. CAC THANH PHAN CO BAN CUA NGON NGU CHISEL

Chisel vé co ban 1a mot ngon ngit 1ap trinh va sit dung tap cac nguyén tic co
ban d€ nguoi dung xay dung chwong trinh thye hién cac nhiém vu chiec ndng can cho
muc tiéu thiét ké. Diém khac biét 16n nhat cua Chisel véi mot sd ngdn ngir lap trinh
thong dung 1a kha nang ho tro xtt Iy song song va t& chitc khéi tuan tu hoat dong theo
xung nhip hé thong. Mot diém dang chu y cua Chisel véi nguoi mdi st dung 1a trinh
bién dich sé ty dong chen thém tin hiéu xung nhip va tin hiéu tai khoi dong “rst_n”
trong qud trinh tong hop ma ngudn Verilog tir ma nguon Chisel ctia ngwoi st dung.
Bang cach tao nén ma ngudn Verilog tir Chisel, nguroi ding c6 thé stt dung ma ngudn
nay dé€ tong hop 1én phan cting khi str dung cac cong cu hd tro thiét ké khac nhau[5].

2.1. Cac kiéu dir liéu ctia Chisel

Chisel la mot ngdn ngt 1ap trinh, cac kiéu di liéu dwgc dung dé€ mo ta kiéu gia
trj duoc thuec thi trong cac cau 1énh thanh phan hodc cta cac duwong day va ludng tin
bén trong hé thong s6. DGi véi da sd cac ngdn nglr ddc ta, kiéu di liéu tap trung vao
dinh dang vector ctia con s nhi phan diéu nay gitup cho viéc thé hién gia tri cu thé va
cong cu bién dich dé dang t6i wu mach dién. Trong Chisel, mét gia tri nhi phan dwgc
biéu dién trong kiéu BITS; gia tri nguyén duoc thé hién ¢ dang chudi bit c6 do dai xac
dinh theo dang SInt hodc UInt. Ngoai ra, cac gi tri logic sé dugc biéu dién bang kidu
Bool. D€ thuén tién cho hoat ddng mo ta mach mach, Chisel b6 sung kiéu Bundles 1a tap
cac gia tri cua cac treong doc lap (twong dwong véi ki€u cdu truc cua cac ngon ngtr 1ap
trinh) va kiéu Vecs la tap cac treong cung kiéu.
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Gia tri cua héng s0 hoac bién thuc duwoc biéu thi qua kiéu nguyén (interger) ctia
Scala hodc dang chudi thong qua khoi tao nhw Hinh 1. Chu y, véi cac gia tri dang chudi
dai c6 thé stt dung ky tu “_” &€ phan cach d€ dé nhan biét nhung sé duoc bo qua trong
hoat dong bién dich gia tri do.

UInt(7) // Gi4 tri 4bit tu Scala

UInt (“hOE”) // Gi& tri 4bit hé 16 dang chudi

UInt (“b01110011") // Gia tri 8bit hé 2 dang chubi

SInt (12) // Gid tri nguyén 4bit cé dau

SInt (-9) // Gi4 tri nguyén am 4bit

Bool (true) // Gia tri logic tu kiédu nguyén Scala
UInt (“hOAl2 753B”) // Giad tri 32bit 0x0A12753B

Hinh 1. Biéu dién gid tri vo hudng trong Chisel.

O ch€ dd mic dinh, trinh bién dich Chisel sé t6i wu kich thudc cho cac gia tri
hang va bd sung 1bit ddu cho cac gia tri c6 dau. Tuy nhién, ngroi dung cé thé chi dinh
dd dai cta gid tri bang cach bs sung thém gid tri do dai ngay trong qua trinh khoi tao.
Nhu dé€ tao gia tri 8bit khong ddu c6 thé st dung dinh dang: “Ulnt(“h7”,8)".

2.2. Cac mach logic t6 hop

Mach t6 hop 1a mot thanh phéan co ban luén c6 trong cac hé thong s6, nhung
trong cac ngdn ngtt dac ta thi mach t6 hop c6 mot s6 han ché€ nhat dinh (vi du nhuw
ngdn ngit Verilog sé khong hd tro vieéc st dung bién kiéu “wire” bén trong cac khdi
con). Trong Chisel, mach logic dwgc xem la d6 hinh lién két cac “node”. Mbi “node” 1a
toan t& phan cting, va cling la diém ngubn ctia cac duong dan-wire . D thuc hién cac
chtrc nang logic bén trong cac mach t6 hop ta c6 thé sit dung cac biéu thuc logic tuwong
tw nhu trong cac ngdn ngtr 1ap trinh co ban. Vi du: mach t6 hop ctia 4 dau vao {a, b, ¢,
d} c6 thé thuyec thi chi véi mot dong 1énh:

io.z = (io.a & io.b) | (~io.c ” io.d)
Trong d6: i0.z la tin hiéu dau ra; cac tin hiéu dau vao la io.a, io.b, io.c & io.d.

Cu phép str dung cac toan tir twong dong voi Scala hodc C++, nhu “&”, “1“, “~”
twong tng voi cac phép toan logic la AND, OR va NOT. Tuong dong véi Verilog,
chting ta c6 thé dit tén cho cac bidu thirc véi theo ki€u duong dan “wire” theo ca hai
dinh dang c6 d6 dai xac dinh hoac khong. Trong truong hop khong chi dinh d6 dai thi
trinh bién dich sé ty dong lua chon d dai t6i wu dua theo cac toan hang trong biéu
thirc. D€ han ché cac truong hop qua tai trong cac thiét ké phic hop, ching ta c6 thé
chia nho céac biéu thiic bang cach st dung cac bién trung gian kidu “wire” timg nhom
nho phu hop.

111



Chisel - ngdn ngir xay dung phin cieng trong ngdn ngir bac cao Scala hd tro mo td mirc truyén thanh ghi

Bang 1: Cac toan tix cua Chisel cho cac kiéu d liéu[2][5]

Vi du \ Giai thich D6 rong
Toan ti BIT, kiéu SInt, Ulnt & Bool
valinvertA =-~A Dao logic tirng BIT Do rong toan t
val ANDconst = X & Ulnt(“habcd_4321") | AND ctia X va abed_4321 | D6 rdng toan tir nhé nhat
val ORvar  =valX | valY OR tung bit ctia hai bién | DY rdng toan tit 1on nhat

val XORvar =valB " valC

XOR tteng bit ctia hai bién

D0 rong toan tir 16n nhat

Toan ti logic bit Iwgc gian

val ANDvar = andR(x)
val ORvar = orR(x)

ANDvar = ANDvar * X
ORvar =ORvar | X

D6 rong toan tir 16n nhat
D0 rong toan tir 16n nhat

Phép toan so sanh

val equVar = x===y
val neqVar = x =y

Phép toan so sanh bang
Phép toan so sang khac

Do rong toan tir 16n nhat
D6 rong toan tir 1on nhat

Phép dich

val SHL =x<<n

Dich trai x nbit

val SHR=x>>n Dich phai x nbit

Phép toan nhém bit

val Isbit = x(0) Tach 14y bit chi s6 0 1bit

val Onebyte = x(15,8) Tach lay nhom bit Khoang bit dugc lay
val Catvar = Cat(varl,var2) Hop hai bién Téng hai d6 rong
Phép toan logic

val ready = !busy Logic dao Do rong toan tr
val condi = caseA && caseB Logic AND Do rong nho nhat
val comb = stsA | | stsB Logic OR Do rong 16n nhat
val Mux2 = Mux(sel,A,B) Hop kénh hai dau vao Do rong 16n nhat
Phép toan s6 hoc

valsum =a+b Phép tong Do rong 16n nhat
val diff =a-b Phép trix Do rong 16n nhat
val prod=a*b Phép nhan Tong hai do rong
valdiv =a/b Phép chia D0 rong 16n nhat
valmod=a%b Phép lay du Hiéu hai d rong

2.3. Kiéu BUNDLE va VEC

Bundle va Vec trong ngon ngit 1ap trinh dugc xem la mot 16p doi tuwong, ma

trong do6 cho phép nguoi dung thiét 1dp cac thanh phéan véi cac kiéu khac nhau. Day la

mot thanh phéan co ban duoc st dung pho bién trong hau hét cac thiét ké€ hé thong sd

cho cac d6i twong tuong dong nhu cac giao tiép ctua khdi, nhém cac duong dan déong

dang. Vec thuong duoc sit dung nhu la tap cac thanh phan dong dang (nhu SInt, Ulnt

hodac Bool) va dugc dinh danh béng chi s@ bén trong doi twong da duoc dinh nghia.

Ngoai ra, Chisel con hd tro viéc dinh nghia Vec l1a d6i twong cd ciu tric phiic hop

déng dang, diéu nay khdng duoc Verilog hd tro.

Bundle 1a mét diém rat moi trong Chisel so véi cac ngdn ngit dac ta pho bién

khac. Bundle duoc xay dung hudng dén sy t6i wu hda trong khai bao nhém déi tuong

phttc hop nhu: giao tiép gitra cac khdi con, tap cac khdi con thuong duwoc tai sit dung
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trong thié€t ké. Bundle 1a tap cac thanh phan phttc hop doc lap, va tham chi c6 thé gom
ca kiéu Vec bén trong d€ tro dén tap cac doi tuong dong dang.

Trong qua trinh thiét ké phan ciing, hoat dong giao tiép gitta cac khoi thanh
phan ludn dwoc thé hién thong qua khdi cong giao tiép — PORT. Chisel hd tro khai bao
cong bang kiéu Bundle tro truc ti€p dén cac thanh phan bén trong gom Input() va
Output().

Sau khi kiéu cta cong duoc dinh nghia thi c6 thé st dung nhuw mot kiéu dé sw
dung trong céc khoi thiét k& hodc dit tén cho cac duong dan trong cta thiét k&, D& linh
hoat hon, Chisel con hd trg kha ndng dinh nghia sau khi khai bdo béng cac chi dinh
“asInput” va “asOutput”[1].

2.4. Khéi co ban trong Chisel va phén cap thiét ké

Chisel van git nguyén tac tao khdi twong dong véi Verilog, tuy nhién mdi khai
thiét ké trén Chisel 1a mot 16p ddi tuwong, ma trong do6 cac thanh phan ctia né ciing ¢
thé xem la déi twong con va c6 day du dac tinh ctia d6i twong nhw véi cac ngdn ngir
1ap trinh khac. Mot khéi nguoi dung tw dinh nghia la mot 16p véi cac thanh phan sau

- Cé tinh thtra ké ttr cac khoi co ban khac

- Chta giao dién bao ngoai la ham IO(new Bundle {}) duoc dat tén mac dinh la

sy

io
- Céc duong dan két ndi cac kién tric bén trong cua khéi do

Nhu trong Hinh 2 1a mot khdi tdng 2bit dwoc thuc hién bang ngon ngit Chisel.

class adder extends Module {
vai 1o = IO (new Bundle {
val a = Input (UInt(2.W))
val b = Input (UInt(2.W))
val c = Output (UInt (2.W))
val over = Output (Bool())
1)

val temp = io.a + i0.Db

io.c 1= temp

io.over 1= io.a(l) & io.b (1)

Hinh 2. C4u trac khoi thiét ké co ban trong Chisel
Thiét k& phan ctmg ludn cé tinh k& thira va tdi st dung nén mdi thiét k& cudi
cung thuong la su tong hop ctia nhiéu thiét k&€ nho hon trude d6; tham chi cac thiét ké

tai st dung lai ¢ nhiéu thiét k€ con bén trong. Hinh thanh mo hinh phéan cédp thiét ké&

113



Chisel - ngon ngiv xdy dung phin cirng trong ngdn ngir bac cao Scala hd tro mo td mirc truyén thanh ghi

giup nguoi phat trién virta c6 kha nang ti€t kiém cong strc khi tai st dung dwoc cac
khéi c6 chirc ndng tuwong dong vira tang kha nang quan ly ma nguén mot cach hiéu
qua hon. Chisel ho tro nguyén ly phan cap nay twong dong véi phuong phap tai st
dung céac 16p ddi tuong, trong do moi ddi twong la mot khoi thiét ké con. Hon nira,
nguoi dung ¢ thé sit dung tham s6 cdu hinh dé thay d6i thong sd ctia thiét ké mot
cach linh hoat théng qua cac ci phap truy xuat dén cac khoi con. Hoat dong goi cac
khdi con can duoc thuc hién qua hai budce: @ la goi d6i tuong thiét ké con va @ gan cac
duong dan néi gitra cac khéi con thong qua phép toan “:=". Mot diém dang chu y la
trong phép gan tin hiéu ngudn phat tin hiéu ¢ phia bén phai cta ky hiéu gan, nén khi
ndi dén tin hiéu dau vao khoi con can dat bén trai; nguoc lai d6i vdi tin hiéu ra can dat
bén phai phép phép gan tin hi¢u.

class  Muxd extends Module {
val io = IO(new Bundle{ sel > l

val in0 = Input (UInt
val inl

( (2.
Input (UInt (
Input (UInt(
Input (UInt(
Input (UInt(
output (UInt (2.W

val in2
val in3
val sel
val out

2.W)

2.W)

2.W)

2.%)

2.W)
(

val w0 = WireInit (0.U(2.W)) .
val wil = WireInit (0.U(2.W)) inl

val mux0 = Module (new mux21())
mux0.io.sel := io.sel(0)
mux0.ioc.in0 io.in0
mux0.ioc.inl

ic.inl
Wl in2

mux0.ioc.out

val muxl = Module (new mux21())
muxl.io.sel := ioc.sel(0)
muxl.io.in0 :=
muxl.io.inl :=
wl =

muxl.ic.out

val mux2 = Module (new mux21())
mux2.io.sel := io.sel(l)
mux2.io.in0 := io.ino

mux2.io.inl : io.inl

Hinh 3. Thiét ké phan cap trong Chisel
2.5. Xy dung du an thiét ké
Nguoi dung Chisel can xay dung mét du an thiét ké trén mét thu muc tong dé
quan ly duoc tat ca cac tap tin va ndi dung lién quan thong qua cay thu muc co ban
project
| SI'C
. _main

| scala
L_package
L_sub—package

. test
L_scala
L_package
| target
|__generated

nhu trong

Hinh 4. Trong d6, toan by ma ngudn cua dy an 1a luu trong cac tap tin ¢6 dudi

“*.scala” dugc bo tri trong cac thu muc bén trong thu muc “src”; ké cac nhém ma
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nguon cho hoat dong kiém tra danh gia duoc luu trong nhanh “test” cta thu muc

‘src”. Két qua bién dich sé tao ra cac tdp tin ma nguon Verilog va tap tin dang song
trong thu muc “generated” .

project
|__src
. _main
| scala
| package
| sub-package

. test
| scala
| package
| target
. _generated

Hinh 4. C4u trtc cay thu muc co ban ctia mot du 4n trong Chisel (Schoeberl, 2019).

Chisel duoc xday dung dua trén SBT va ngdn ngit Scala nén can cé nén tang Java
ho tro [1]. Qua trinh cai dit hé thong can moi truong Javal ho tro, sau d6 cai thém trinh
bién dich ctia ngdn ngtt Scala phu hgp. Sau khi cai cac cong cu hoan chinh, nguoi dung
c6 thé dang nhap GitHub dé tai vé mot s6 du 4n co ban cua Chisel trong d6 da c6 hd
tro cac doan “script” khai bdo moéi treong co sin dé thuc thién qua trinh cdu hinh cong
cy, bién dich va khoi tao két qua mot cach dé dang.

3. QUA TRINH KIEM TRA DANH GIA THIET KE TRONG CHISEL

Hoat dong nghién ctru thiét k€ phan cing dién t& luén di kem véi hoat dong
mo phong danh gia, Hoat dong nay vira cd y nghia ki€ém tra c phap vira ki€ém tra titng
budc hoat dong cta thiét ké tao ra. Chisel hd tro md phong thiét k€ danh gia mot cach
truec quan va don gian théng qua viéc cung cdp cac ham khoi tao di liéu dau vao cho
thiét ké, ham danh gia so sanh két qua dau ra. Nguoi dung Chisel cd thé linh hoat lya
chon giai phap danh gia dwa vao quan sat dang séng (waveform) hodc st dung ngay cac
ham danh gia duoc cung cap dé xac dinh duoc két qua mo hinh thiét ké ngay tai qua
trinh bién dich thiét ké.

Vé co ban, Chisel van hd tro thiét k& danh gia twong dwong mot khdi 6 mic
cao, trong dé chita khoi thiét ké can danh gia - DUT (Design Under Test), khoi logic
danh gia va doi tuong danh gia chita cac ham dé€ khoi dong va danh gia. Dac diém
quan trong nhat 1a cta thiét k&€ danh gia 1a khoi thiét ké sé khong co giao dién vao/ra;
va can chi dinh rd d6i tugng can danh gid — DUT. Trong Chisel phién ban 3 ho trg chiic
nang danh gia trong déng gdi “iotesters” nhiéu 16p hd tro cho da dang cac kj thuat

115



Chisel - ngon ngiv xdy dung phin cirng trong ngdn ngir bac cao Scala hd tro mo td mirc truyén thanh ghi

danh gia pho bién hién nay. Trong bai bao nay gidi thiéu 16p con duoc st dung pho
bién va hiéu qua 1a “PeekPokeTester” véi cac chitc ndng hd tro truc quan cho nguoi thiét
ké gom:

1. Ham khoi tao d6i twong danh gia:

v newPeekPokeTester(dut: T, base: Int = 16, logFile: Option[File] = None)

2. Ham tao gi4 tri cong vao:
def poke(signal: Aggregate, value: IndexedSeq[BigInt]): Unit
def poke(signal: Bundle, map: Map[String, BigInt]): Unit
def poke[T <: Element](signal: T, value: Long)(implicit arg0: Pokeable[T]): Unit
def poke[T <: Element](signal: T, value: Int)(implicit arg0: Pokeable[T]): Unit
def poke[T <: Element](signal: T, value: BigInt)(implicit arg0: Pokeable[T]): Unit
def poke(path: String, value: Long): Unit

def poke(path: String, value: Int): Unit

LS N N N N N SR

def poke(path: String, value: BigInt): Unit
3. Ham truy xuét gia tri cng ra
v def peek(signal: Bundle): LinkedHashMap[String, BigInt]
v def peek(signal: Aggregate): Seq[BigInt]
v' def peek[T <: Element](signal: T)(implicit arg0: Pokeable[T]): BigInt
v def peek(path: String): BigInt
4. Ham so sanh két qua
v' def expect(signal: Bundle, expected: Map[String, BigInt]): Boolean
v def expect(signal: Aggregate, expected: IndexedSeq[BigInt]): Boolean

v' def expect [T<: Element] (signal: T, expected: Int, msg:= String)
(implicit arg0: Pokeable[T]): Boolean

v def expect[T <: Element](signal: T, expected: BigInt, msg:
= String = "")(implicit arg0: Pokeable[T]): Boolean

v' def expect(good: Boolean, msg: = String): Boolean
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4. KET LUAN

Chisel vira 1a ngon ngit hd tro thiét ké phan cting khi cong cu nay cung cap
dau du cac thanh phan dé nguoi dung c6 thé xay dung mot hé thdng tich hgp hoan
chinh. Dong thoi, Chisel con cung cap cac thanh phan co ban hd tro ngudi ding thuc
hién nhanh va ti vu hon trong viéc md ta chi tiét nhue “Mux, Reg, Reglnit, ...”.

Quan trong hon 1a Chisel cung cap kha ndng mo6 phong danh gia va kiém tha
thiét k&€ mot cach linh hoat va triee quan khi vira ¢ thé cung cap tap tin “*.ved” dé két
hop véi ing dung “gtkwave” d€ quan sat dang song vira cd thé st dung truc tiép doi
teong so sanh ngay trong “iotesters”.

Qua qua trinh nghién cttu tim hiéu Chisel va budc dau ting dung vao qua trinh
nghién ctru thiét k€ vi mach da giup cho chung toi tiét kiém thoi gian ca trong qua
trinh viét ma nguon va mo6 phong danh gia. Mac du Chisel khong truc ti€p cung cap
mdi trieong tich hop hd tro thiét k&, nhung nguoi dung c6 thé st dung da dang cac moi
treong soan thao pho bién nhu: Vim, Notepad, Eclipse, ...

TAI LIEU THAM KHAO

[1] Jonathan Bachrach, H. V. (2012). Chisel: Constructing Hardware in a Scala Embedded
Language. DAC Design Automation Conference.

[2] Jonathan Bachrach, K. A. (2014). Chisel 2.2 Tutorial Retrieved  from
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.681.6761&rep=repl&type=pdf.

[3] Le Van Thanh Vu, T. H. (2021). Dé xuat kién trtic va danh gia thtr nghiém khoi ma hoa
khong dung sbox cho hoat dong truyén thong ctia hé thong IoT. Hue: Tap chi Khoa hoc
cong nghé - Dai hoc Khoa hoc Hué.

[4] Liu, X. a. (2013). Chisel-Q: Designing quantum circuits with a scala embedded language.
2013 IEEE 31st International Conference on Computer Design (ICCD), (pp. 427-434).

[5] Schoeberl, M. (2019). Digital Design with Chisel. USA: Kindle Direct Publishing.

117



Chisel - ngon ngiv xdy dung phin cirng trong ngdn ngir bac cao Scala hd tro mo td mirc truyén thanh ghi

CHISEL - HARDWARE CONSTRUCTION LANGUAGE IN HIGH-LEVEL
PROGRAMMING LANGUAGE SCALA SUPPORT RTL DESCRIPTION

Le Van Thanh Vu*, Tran Thi Kieu
Faculty of Electronics, Electrical Engineering and Material Technology
University of Sciences, Hue University
Email: vulvt@hueuni.edu.vn
ABSTRACT

In this paper, we introduce Chisel - the hardware construction language embedded
in the high-level programming language Scala. This language targets two groups:
hardware designers and software programmers. The hardware designers build
digital systems by using the hardware description languages (VHDL, Verilog). The
others use a programming language for generating hardware. Chisel brings
advances in software engineering, such as object-orientated and functional
language into digital design. Chisel does not only allow you to express hardware
at the register-transfer level but also allows you to write hardware generators. This
paper aims to present an overview of the Chisel’s components and the orientation

to use this tool in the hardware design works.

Keywords: HDL, Chisel, Scala, IC design, CAD tool.
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